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(57)Abstract 

PURPOSE: To correctly display a transparent object 
even when the object is multiplexed. 
CONSTITUTION: In a three-dimensional image display 
processing method for displaying the transparent 
object by means of alpha blending method, an opaque 
Z buffer 3 storing the Z value of a latest opaque 
object and an opaque picture element value buffer 4 
storing the picture element value of the latest opaque 
object are provided. The Z value of the object to be 
displayed is compared with the Z value in the opaque 
Z buffer 3 and when the object to be displayed is 
further than the latest opaque object, the picture 
element value of the object to be displayed will not be 
the object of picture element calculation. When the 
object to be displayed is closer than the latest 
opaque object and the object to be displayed is higher 
in speed than the latest object in a Z buffer 7, the 
picture element value is restored from the picture 
element value in a picture element value buffer 8, that 

in the opaque picture element value buffer 4 and transparency in a 0t f buffer 9 and a new 
picture element value is calculated based on the picture element of the object to be 
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displayed, the tansparency in the a buffer 9 and the restored picture element 
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A 1 

(54) Title of the invention 

Three-dimensional image display processing method 
(57) Summary 

Objective : It concerns a three-dimensional image display processing method wherein a 
transparent object is displayed based on the alpha blending method, and its objective is to accurately 
display a transparent object even in a case where multiple objects overlap. 

Constitution : In a three-dimensional image display processing method for displaying a 
transparent object based on the alpha blending method, the intransparent Z buffer (3), in which the 
Z value of an intransparent object with the highest proximity is stored, and the intransparent pixel 
value buffer (4), in which the pixel value of said intransparent object with the highest proximity is 
stored, are configured, whereas the Z value of an object scheduled to be displayed and the Z value 
of the intransparent Z buffer (3) are compared, and in a case where the object scheduled to be 
displayed is farther than the intransparent object with the highest proximity, the pixel value of the 
object scheduled to be displayed is not targeted for pixel value calculation, whereas in a case where 
the object scheduled to be displayed is closer than the intransparent object with the highest 
proximity and where said object scheduled to be displayed is faster [sic: Presumably "farther"] than 
the intransparent object with the highest proximity for the Z buffer (7), the pixel value is restored 
from the pixel value of the pixel value buffer (8), the pixel value of the intransparent pixel value 
buffer (4), and the degree of transparency of the a buffer (9), whereas the new pixel value is 
calculated based on the pixel value of the object scheduled to be displayed, the degree of 
transparency of the a buffer (9), and the restored pixel value. 



1 Numbers in the margin indicate pagination in the foreign 
text . 



Patent Claims 12 
Claim 1 

A three-dimensional image display processing method with the following characteristics: In 
an image processing device which possesses the Z buffer (7), in which the Z value, namely the 
depthwise position of an object with the highest proximity from the perspective of each member of 
the constituent pixels, is stored, the a buffer (9), in which the transparency of said object with the 
highest proximity specific to each of said pixels is stored, the pixel value buffer (8), in which the 
pixel value of each pixel is stored, and the processing unit (1) and wherein a transparent object is 
displayed by executing hidden plane eradication based on the comparison of the Z value of the 
object scheduled to be displayed and the Z value of said Z buffer (7) and by concomitantly 
calculating the new pixel value based on the transparency of said a buffer (9) and the pixel value of 
said object scheduled to be displayed, 

The intransparent Z buffer (3), in which the Z value of said intransparent object with the 
highest proximity is stored, and the intransparent pixel value buffer (4), in which the pixel value of 
said intransparent object with the highest proximity is stored, are configured, whereas the Z value of 
the object scheduled to be displayed and the Z value of the intransparent Z buffer (3) are compared, 
and in a case where said object scheduled to be displayed is farther than said intransparent object 
with the highest proximity, the pixel value of said object scheduled to be displayed is not targeted 
for pixel value calculation, whereas in a case where said object scheduled to be displayed is closer 
than said intransparent object with the highest proximity and where said object scheduled to be 
displayed is farther than the intransparent object with the highest proximity for the Z buffer (7), said 
pixel value is restored from the pixel value of the pixel value buffer (8), the pixel value of the 
intransparent pixel value buffer (4), and the degree of transparency of the a buffer (9), whereas the 
new pixel value is calculated based on the pixel value of said object scheduled to be displayed, the 
degree of transparency of said a buffer (9), and said restored pixel value. 
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Claim 2 

A three-dimensional image display processing method specified in Claim 1 characterized by 
the facts that, in a case where the aforementioned object scheduled to be displayed is a transparent 
object, the new pixel value is calculated based on the pixel value and the degree of transparency of 
the aforementioned object scheduled to be displayed and the aforementioned restored pixel value, 
that the new degree of transparency is calculated based on the degree of transparency of the 
aforementioned object scheduled to be displayed and the degree of transparency of the 
aforementioned a buffer (9), and that the new pixel value is calculated based on the aforementioned 
new pixel value, the aforementioned new degree of transparency, and the pixel value of the 
aforementioned intransparent pixel value buffer (4). 
Claim 3 

A three-dimensional image display processing method specified in Claim 1 characterized by 
the facts that, in a case where the aforementioned object scheduled to be displayed is closer than the 
aforementioned intransparent object with the highest proximity, where the aforementioned object 
scheduled to be displayed is closer than the aforementioned intransparent object with the highest 
proximity for said Z buffer (7), and where the aforementioned object scheduled to be displayed is a 
transparent object, the aforementioned pixel value is restored based on the pixel value of the 
aforementioned pixel value buffer (8), the pixel value of the aforementioned intransparent pixel 
value buffer (4), and the degree of transparency of the aforementioned a buffer (9), that the new 
pixel value is calculated based on the pixel value and degree of transparency of the aforementioned 
object scheduled to be displayed, the degree of transparency of the aforementioned a buffer (9), and 
the aforementioned restored pixel value, and that the new pixel value is calculated based on the 
aforementioned new pixel value, the aforementioned new degree of transparency, and the pixel 
value of the aforementioned intransparent pixel value buffer (4). 

Detailed explanation of the invention 
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[0001] 

INDEX 

Industrial application fields (Figure 8) 
Prior art (Figures 9 through 11) 

Problems to be solved by the invention (Figures 12 through 14) 

Mechanism for solving the problems (Figure 1) 

Function 

Application examples 

(a) : Explanation of one application example (Figures 12 through [1]7) 

(b) : Explanation of another application example 
Effects of the invention 

[0002] 

(Industrial application fields) 

The present invention concerns a three-dimensional image display processing method for 
displaying a transparent object based on the alpha blending method. 
[0003] 

High-speed computerized displays of three-dimensional images have become possible 
thanks to the hardware sophistications of recent years. The Z buffer method is known as a 
fundamental technology in this context. The Z buffer method is one known method for eradicating 
a hidden plane that arises as a result of an overlap of objects in a case where an object configured 
within a three-dimensional space is viewed from a certain perspective, and in particular, it is an 
indispensable technique for the high-speed display of a three-dimensional image. 
[0004] 
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Figure 8 is a demonstrational diagram pertaining to the Z buffer method. 

[0005] 

As Figures 8 (C) and (D) show, the Z buffer method utilizes the Z buffer (7), in which the Z 
value, namely the depthwise position of a pattern with the highest proximity from the perspective of 
each member of the respective pixels of a screen, is stored, and the pixel value buffer (8), in which 
the pixel value of said pattern is stored. 
[0006] 

As Figure 8 (A) shows, furthermore, the Z value of each pixel of a pattern scheduled to be 
displayed (a triangle is hereby instantiated) (depthwise position from its perspective) [is calculated], 
and as Figure 8 (A) indicates, the pixel value of each pixel of said pattern is calculated, whereas, in 
a case where its Z value is closer to the perspective than the Z value of the corresponding pixel of 
the Z buffer (7), the contents of the corresponding pixels of the pixel value buffer (8) and Z buffer 
(7) are substituted, as Figures 8 (E) and (F) indicate, with the Z values and pixel values of the pixels 
of the pattern scheduled to be displayed [bold lined portions of Figures 8 (E) and (F)], whereas in a 
case where the same is farther, no substitutions of the Z value and pixel value are executed; thus, 
only a surface or portion of the surface visible from said perspective is eventually displayed. 
[0007] 

This Z buffer method is flawed in that it is incapable of displaying a transparent object, for it 
is simply designed to assume objects to be intransparent and to judge their forward and/or backward 
statuses. 
[0008] 

It is for this reason that the development of a three-dimensional image display processing 
technique which is capable of three-dimensionally displaying transparent objects as well has 
become urgent. 



[0009] 
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(Prior art) 

Figure 9 is a demonstrational diagram pertaining to the prior art. 

[0010] 

One modality for displaying a transparent object is the method shown in Figure 9, wherein 
pixel information data corresponding to an object scheduled to be displayed (i.e., pixel value, Z 
value, and degree of transparency) specific to the respective pixels of the pixel value buffer (8) are 
saved as a list in the order of appearance, wherein, upon the collection of information on all objects, 
[said list is] sorted in terms of the Z value, and wherein the pixel value is ascertained, until the 
emergence of an intransparent object, in consideration of the degree of transparency. /3 
[0011] 

As far as this method is concerned, a three-dimensional image inclusive of a transparent 
object can be accurately displayed, but an immense memory is required for the preparation of the 
list, and since the list must be sorted, an immense computation burden becomes imposed, whereas 
another shortcoming lies in its hardware unfriendliness. 
[0012] 

In this context, the alpha blending method has been proposed as a method which yields a 
transparent appearance at a high speed, although it may not be capable of accurately displaying a 
three-dimensional image inclusive of a transparent object. In this method, the hidden plane 
eradication is executed by the Z buffer method, and an a buffer for storing the degree of 
transparency of an object is prepared in addition to a Z buffer; in the context of displaying a 
transparent object, transparent object pixel values proportional to the degree of transparency of said 
object are added to the pixel values of the corresponding pixels which have already been stored in 
the pixel value buffer (8). 
[0013] 

Figures 10 and 1 1 are demonstrational diagrams pertaining to the alpha blending method of 
the prior art. 
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[0014] 

As Figure 10 (A) shows, the a buffer (9) is configured in addition to the Z buffer (7) and 
pixel value buffer (8), and display data inputted into the input buffer (2) are subjected to an alpha 
blending routine executed by the processor (MPU) (1). 
[0015] 

As Figure 10 (B) shows, a case where an intransparent object with a Z value of Z2 (degree 
of transparency of a = 0.0; pixel value D = 16) is displayed while a transparent object with a Z value 
of Zl (degree of transparency a = 0.5; pixel value D = 8) is being concomitantly displayed may, for 
example, be considered. 
[0016] 

The respective contents of the Z buffer (7), a buffer (9), and the pixel value buffer (8) in this 
case indicate the pervasion of a transparent object the Z value of which is Zl, as Figure 10 (B) 
shows. One pixel of the intransparent object the Z value of which is Z2 overlaps said transparent 
object the Z value of which is Zl, whereas the post-blend pixel value Db is calculated by using the 
following formula (1): 
[0017] 

[Numerical 1]: Db = Dt x (1 - at) + Di x at. 

[0018] 

In the above, "Dt" signifies the pixel value of the transparent object, whereas "at" signifies 
the degree of transparency of the transparent object, whereas "Di" signifies the pixel value of the 
intransparent object. 
[0019] 

The pixel value of the transparent object and the pixel value of the intransparent object can 
respectively be displayed as they are in areas over which the transparent object and intransparent 
object do not overlap, and therefore, the respective contents of the Z buffer (7), a buffer (9), and the 
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pixel value buffer (8) become permutated to those shown in Figure 10 (C) as a result of the alpha 

blending routine. 

[0020] 

The corresponding processing flow is shown in Figure 1 1 . 

[0021] 

Pixel information data (X, Y, Z, a, and D) on a pattern scheduled to be displayed are 
encoded from the input buffer (2), and the contents of the positions corresponding respectively to X 
and Y of the Z buffer (7), a buffer (9), and the pixel value buffer (8) are encoded and parameterized 
respectively as Z\ a', and D\ The processor (1) compares Z and Z\ defines the Z value of either 
member selected from between Z and Z* closer to the perspective as Z", the a value as al, and the D 
value as Dl, whereas it defines the a value of the other member of Z and Z', which is farther from 
the perspective, as a2 and its D value as D2. The renewed degree of transparency a" is then 
calculated by using the following formula (2): 
[0022] 

[Numerical 2]: a" = al + (al x a2). 

[0023] 

Next, Dl, al, and D2 are substituted respectively into Dt, at, and Di in the aforementioned 
formula (1), as a result of which D" becomes obtained. The contents of the positions corresponding 
respectively to X and Y of the Z buffer (7), a buffer (9), and the pixel value buffer (8) are then 
renewed respectively with Z", a", and D". 
[0024] 

It is thus that an intransparent object can be three-dimensionally displayed via a transparent 
object (e.g., glass, etc.). 



[0025] 

(Problems to be solved by the invention) 
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Figures 12, 13, and 14 are demonstrational diagrams provided for articulating the problems 
of the alpha blending technique of the prior art. 
[0026] 

In a case where, upon the completion of the blending routine of Figure 10 (C), an 
intransparent object the Z value of which is Z3 becomes inserted, as Figure 12 (A) shows, between 
a transparent object the Z value of which is Zl and an intransparent object the Z value of which is 
Z2, [the inserted object] may become configured behind the intransparent object the Z value of 
which is Z2, as Figure 12 (B) indicates. In a case where the alpha blending method of the prior art 
shown in Figure 1 1 is applied to such an embodiment, the blending routine is executed based on the 
respective contents of the Z buffer (7), a buffer (9), and the pixel value buffer (8) and the contents 
of the pixel information on the intransparent object the Z value of which is Z3, and as Figure 13 (A) 
indicates, the post-blend pixel value comes to reflect all the corresponding pixel values of the 
objects the respective Z values of which are Zl, Z2, and Z3. 
[0027] 

Incidentally, as far as the original state of Figure 12 (A) is concerned, the intransparent 
object the Z value of which is Z2 is hidden from view by the intransparent object the Z value of 
which is Z3, as Figure 13 (B) indicates, and thus, as Figure 14 (A) shows, the original state of 
Figure 12 (A) is a state where the intransparent object the Z value of which is Z2 is hidden from 
view by the intransparent object the Z value of which is Z3. 
[0028] 

In Figure 12 (A), therefore, the correct display results should be determined from the 
respective pixel values of the transparent object the Z value of which is Zl and the intransparent 
object the Z value of which is Z3 according to the protocol of Figure 14 (B), whereas in Figure 12 
(B), the same should be determined from the respective pixel values of the transparent object the Z 
value of which is Zl and the intransparent object the Z value of which is Z2 according to the 
protocol of Figure 14 (C). 



[0029] 

Thus, the high speed is emphasized, in acknowledgment of hardware friendliness, in the 
alpha blending method of the prior art, and the pervasion of a singular object is assumed during its 
routine regardless of the order of prevailing objects, which is problematic in that a transparent object 
cannot be accurately displayed in a case where multiple objects overlap. 
[0030] 

The objective of the present invention is therefore to provide a three-dimensional image 
display processing method for displaying a transparent object based on the alpha blending method, 
and its objective is to accurately display a transparent object even in a case where multiple objects 
overlap. /4 



[0031] 

(Mechanism for solving the problems) 

Figure 1 is a principle diagram pertaining to the present invention. 

[0032] 

The constitution of Claim 1 of the present invention is characterized as follows: In an image 
processing device which possesses the Z buffer (7), in which the Z value, namely the depthwise 
position of an object with the highest proximity from the perspective of each member of the 
constituent pixels, is stored, the a buffer (9), in which the transparency of said object with the 
highest proximity specific to each of said pixels is stored, the pixel value buffer (8), in which the 
pixel value of each pixel is stored, and the processing unit (1) and wherein a transparent object is 
displayed by executing hidden plane eradication based on the comparison of the Z value of the 
object scheduled to be displayed and the Z value of said Z buffer (7) and by concomitantly 
calculating the new pixel value based on the transparency of said a buffer (9) and the pixel value of 
said object scheduled to be displayed, the intransparent Z buffer (3), in which the Z value of said 
intransparent object with the highest proximity is stored, and the intransparent pixel value buffer (4), 



in which the pixel value of said intransparent object with the highest proximity is stored, are 
configured, whereas the Z value of the object scheduled to be displayed and the Z value of the 
intransparent Z buffer (3) are compared, and in a case where said object scheduled to be displayed is 
farther than said intransparent object with the highest proximity, the pixel value of said object 
scheduled to be displayed is not targeted for pixel value calculation, whereas in a case where said 
object scheduled to be displayed is closer than said intransparent object with the highest proximity 
and where said object scheduled to be displayed is farther than the intransparent object with the 
highest proximity for the Z buffer (7), said pixel value is restored from the pixel value of the pixel 
value buffer (8), the pixel value of the intransparent pixel value buffer (4), and the degree of 
transparency of the a buffer (9), whereas the new pixel value is calculated based on the pixel value 
of said object scheduled to be displayed, the degree of transparency of said a buffer (9), and said 
restored pixel value. 
[0033] 

The constitution of Claim 2 of the present invention is a constitution specified in Claim 1 
characterized by the facts that, in a case where the aforementioned object scheduled to be displayed 
is a transparent object, the new pixel value is calculated based on the pixel value and the degree of 
transparency of the aforementioned object scheduled to be displayed and the aforementioned 
restored pixel value, that the new degree of transparency is calculated based on the degree of 
transparency of the aforementioned object scheduled to be displayed and the degree of transparency 
of the aforementioned a buffer (9), and that the new pixel value is calculated based on the 
aforementioned new pixel value, the aforementioned new degree of transparency, and the pixel 
value of the aforementioned intransparent pixel value buffer (4). 
[0034] 

The constitution of Claim 3 of the present invention is a constitution specified in Claim 1 
characterized by the facts that, in a case where the aforementioned object scheduled to be displayed 
is closer than the aforementioned intransparent object with the highest proximity, where the 



aforementioned object scheduled to be displayed is closer than the aforementioned intransparent 
object with the highest proximity for said Z buffer (7), and where the aforementioned object 
scheduled to be displayed is a transparent object, the aforementioned pixel value is restored based 
on the pixel value of the aforementioned pixel value buffer (8), the pixel value of the 
aforementioned intransparent pixel value buffer (4), and the degree of transparency of the 
aforementioned a buffer (9) 5 that the new pixel value is calculated based on the pixel value and 
degree of transparency of the aforementioned object scheduled to be displayed, the degree of 
transparency of the aforementioned a buffer (9), and the aforementioned restored pixel value, and 
that the new pixel value is calculated based on the aforementioned new pixel value, the 
aforementioned new degree of transparency, and the pixel value of the aforementioned intransparent 
pixel value buffer (4). 

[0035] 
(Functions) 

In a case where an overlap of a transparent object and an intransparent object is observed, 
once an intransparent object appears, all objects positioned behind it become utterly invisible from 
the prevailing perspective. In other words, only the information on an intransparent object closest to 
the perspective is needed for the image scheduled to be displayed. In Claim 1 of the present 
invention, therefore, the intransparent Z buffer (3), in which the Z value of an intransparent object 
with the highest proximity is stored, and the intransparent pixel value buffer (4), in which the pixel 
value of said intransparent object with the highest proximity is stored, are configured. 
[0036] 

In a case where an intransparent object displayed later is farther from the perspective than 
the previously displayed intransparent object, therefore, a transparent object can be accurately 
displayed so long as the pixel value of the subsequently displayed intransparent object is not 
blended. In this context, the Z value of the object scheduled to be displayed and the Z value of the 



intransparent Z buffer (3) are compared, and in a case where the object scheduled to be displayed is 
farther than the intransparent object with the highest proximity, the pixel value of the object 
scheduled to be displayed is not targeted for pixel value calculation. 
[0037] 

In a case where the intransparent object displayed later is closer to the perspective than the 
previously displayed intransparent object, on the other hand, a transparent object can be accurately 
displayed so long as the blended pixel value can be re-calculated. In a case where the object 
scheduled to be displayed is closer than the intransparent object with the highest proximity and 
where said object scheduled to be displayed is farther than the object of the Z buffer (7) with the 
highest proximity, therefore, the pixel value is restored from the pixel value of the pixel value buffer 
(8), the pixel value of the intransparent pixel value buffer (4), and the degree of transparency of the 
a buffer (9), whereas the new pixel value is designed to be calculated based on the pixel value of the 
object scheduled to be displayed, the degree of transparency of the a buffer (9), and the restored 
pixel value. 
[0038] 

Even in a case where the object scheduled to be displayed is a transparent object, 
overlapping transparent objects can be displayed while the degree of transparency of said 
transparent object is being taken into consideration according to Claim 2 of the present invention. 
[0039] 

Even in a case where the object scheduled to be displayed is a transparent object and is the 
closest to the perspective, overlapping transparent objects can be displayed while the degree of 
transparency of said transparent object is being taken into consideration according to Claim 2 of the 
present invention. 

[0040] 

(Application examples) 
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(a): Explanation of one application example 

Figure 2 is a constitutional diagram pertaining to an application example of the present 
invention, and in said figure, members identical to those shown in Figures 1 and 10 are designated 
to bear identical notations. 
[0041] 

In Figure 2, the Z buffer (7), the a buffer (9), the pixel value buffer (8), the intransparent Z 
buffer (3), and the intransparent pixel value buffer (4) are constituted by a singular memory. 
[0042] 

Figures 3 and 4 are each three-dimensional image processing flow charts of [said] 
application example of the present invention, whereas Figure 5 is a demonstrational diagram 
pertaining to [said] application example of the present invention, whereas Figure 6 is a 
demonstrational diagram of a case where an inserted member exists behind an intransparent object, 
whereas Figure 7 is a demonstrational diagram of a case where an inserted member exists between a 
transparent obj ect and an intransparent obj ect. 
[0043] 

<1>: The processor (1) encodes, from the input buffer (2), pixel information data on an 
object scheduled to be displayed (X, Y, Z, a, and D) and further encodes the contents of the 
positions corresponding respectively to X and Y of the intransparent Z buffer (3) and defines them 
as Zu. IS 
[0044] 

<2>: The processor (1) compares Z and Zu. In a case where Z > Zu holds, the object 
scheduled to be displayed is located behind the intransparent object (i.e., farther) and is hidden by 
said intransparent object, as Figure 5 (A) and Figure 6 indicate, and therefore, a return to the step 
<1> is made without renewing the respective contents of all buffers (3), (4), (7), (8), and (9), as 
Figure 6 indicates. 



[0045] 

<3>: In a case where the object scheduled to be displayed is not located behind the 
intransparent object (i.e., farther), the processor (1) encodes the contents of the positions 
corresponding respectively to X and Y of the Z buffer (7), the a buffer (9), the pixel value buffer 
(8), and the intransparent pixel value buffer (4) and defines them as Z\ a\ D\ and Du 5 respectively. 
The processor (1) also compares Z and Z\ In a case where Z > Z ! holds, the object scheduled to be 
displayed exists between a transparent object and an intransparent object, as Figures 5 (B) and (C) 
indicate, and an advancement to the step <4> is made, whereas in a case where Z < T holds, the 
object scheduled to be displayed exists in front of a transparent object, as Figures 5 (D) and (E) 
indicate, and an advancement to the step <6> (B in Figure 4) is made. 
[0046] 

<4>: In a case where the object scheduled to be displayed exists between the transparent 
object and intransparent object, the pixel value is initially restored. The restored pixel value Dl is 
calculated from the D' of the pixel value buffer (8), Du of the intransparent pixel value buffer (4), 
and a' of the a buffer (9) by using the following formula (3): 
[0047] 

[Numerical 3]: Dl = (D' - Du x a')/(l - a'). 

[0048] 

Next, the processor (1) judges whether or not the degree of transparency a of the object 
scheduled to be displayed is "0" (intransparent). In a case where a is not "0" (intransparent), a state 
where the object scheduled to be displayed is transparent [case of Figure 5 (C)] is judged, and 
accordingly, an advancement to the step <5> (A in Figure 4) is made. 
[0049] 

In a case where a is "0" (intransparent), on the other hand, a state where the object 
scheduled to be displayed is intransparent [case of Figure 5 (B)] is judged, and accordingly, the new 
pixel value D" is calculated from the restored pixel value Dl, a' of the a buffer (9), and the pixel 



value D of the object scheduled to be displayed by using the following formula (4), as Figure 7 

shows: 

[0050] 

[Numerical 4]: D" = D1 x(l -a') + Dx a'. 

[0051] 

This formula is identical to the formula (1). Next, the contents of the positions 
corresponding respectively to X and Y of the pixel value buffer (8), intransparent Z buffer (3), and 
the intransparent pixel value buffer (4) are renewed respectively with the new pixel value D", Z, and 
D, and a return to the step <1> is made. 
[0052] 

<5>: In a case where a is not "0" (intransparent), the object scheduled to be displayed is 
judged to be transparent, and since a pair of transparent objects coexist, as Figure 5 (C) shows, the 
new pixel value D" and the unified degree of transparency a M are calculated. 
[0053] 

First, the new pixel value D" is calculated from the restored pixel value Dl, a' of the a 
buffer (9), and the pixel value D and degree of transparency a of the object scheduled to be 
displayed by using the following formula (5): 
[0054] 

[Numerical 5]: D" = Dl x (1 - a') + D x (1 - a) x a* 

[0055] 

Next, the unified degree of transparency a" is calculated from the a' of the a buffer (9) and 
the degree of transparency a of the object scheduled to be displayed by using the following formula 
(6): 
[0056] 

[Numerical 6]: a" = a x a\ 

[0057] 



The new pixel value D", furthermore, is calculated from the new pixel value D", unified 
degree of transparency a", and the pixel value Du of the intransparent pixel value buffer (4) by 
using the following formula (7): 
[0058] 

[Numerical 7]: D" = D" x (1 - a") + Du x a". 

[0059] 

The contents of the positions corresponding respectively to X and Y of the a buffer (9) and 
pixel value buffer (8), furthermore, are renewed respectively with the unified degree of transparency 
a" and the new pixel value D", and a return to the step <1> is made. 
[0060] 

<6>: In a case where the object scheduled to be displayed is judged to exist in front of a 
transparent object at the step <3>, the processor (1) judges whether or not the degree of 
transparency a of the object scheduled to be displayed is "0" (intransparent). In a case where a is 
not "0" (intransparent), the object scheduled to be displayed is judged to be transparent [case of 
Figure 5 (E)], and accordingly, an advancement to the step <7> is made. 
[0061] 

In a case where a is "0" (intransparent), on the other hand, the object scheduled to be 
displayed is judged to be intransparent [case of Figure 5 (D)], and accordingly, the contents of the 
positions corresponding respectively to the X and Y of the Z buffer (7), the a buffer (9), the 
intransparent Z buffer (3), and the intransparent pixel value buffer (4) are renewed respectively with 
the Z value Z, degree of transparency a, Z value Z 5 and the pixel value D of the object scheduled to 
be displayed, and a return to the step <1> is then made. 
[0062] 

<7>: In a case where a is not "0" (intransparent) at the step <6>, the object scheduled to be 
displayed is judged to be transparent [case of Figure 5 (E)], and accordingly, the restored pixel value 
Dl is calculated by using the formula (3) of the step <4>. Since the object scheduled to be 

18 



displayed has been judged to be transparent, a pair of transparent objects coexist, as Figure 5 (E) 
indicates, and the new pixel value D" and unified degree of transparency a" are then calculated. 
[0063] 

First, the new pixel value D M is calculated from the restored pixel value Dl, a' of the a 
buffer (9), and the pixel value D and degree of transparency a of the object scheduled to be 
displayed by using the following formula (8): 
[0064] 

[Numerical 8]: D" = D x (1 - a) + Dl x (1 - a') x a. 

[0065] 

Next, the unified degree of transparency a" is calculated from the <x f of the a buffer (9) and 
the degree of transparency a of the object scheduled to be displayed by using the formula (6) of the 
step <5>. 
[0066] 

Moreover, the new pixel value D" is calculated from the new pixel value D", unified degree 
of transparency a", and the pixel value Du of the intransparent pixel value buffer (4) by using the 16 
formula (7) of the step (5). 
[0067] 

The contents of the positions corresponding respectively to X and Y of the Z buffer (7), a 
' buffer (9), and after the pixel value buffer (8) have been renewed respectively with the Z value Z, 
unified degree of transparency a", and new pixel value D" of the object scheduled to be displayed, a 
return to the step <1> is made. 
[0068] 

It is thus that a transparent object can be accurately displayed three-dimensionally even in a 
case where multiple objects overlap. 



[0069] 
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(b): Explanation of another application example 

A case where a processing unit is constituted by a processor and where it is embodied 
programwise has been instantiated above, although the same may instead be embodied 
hardwarewise. 
[0070] 

The present invention has, in the above, been explained with reference to application 
examples, although the present invention can be variously modified so long as its spirit is retained, 
and such modifications do not deviate from the scope of the present invention. 

[0071] 

(Effects of the invention) 

As the foregoing explanations have demonstrated, the following effects can be achieved in 
the present invention. 
[0072] 

<1>: An intransparent Z buffer and an intransparent pixel value buffer are configured, and in 
a case where an object scheduled to be displayed is farther than the intransparent object of the 
intransparent Z buffer with the highest proximity, it is not targeted for pixel value calculation, based 
on which erroneous displays of transparent objects depending on the pixel value of the object 
scheduled to be displayed can be prevented, and the transparent object can be accurately displayed 
three-dimensionally. 
[0073] 

<2>: In a case where the object scheduled to be displayed is closer than the intransparent 
object of the intransparent Z buffer with the highest proximity and farther than the object of the Z 
buffer with the highest proximity, the pixel value is restored and then subjected to alpha blending, 
based on which erroneous displays of transparent objects depending on the pixel values of other 
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objects can be prevented, and the transparent object can be accurately displayed three- 

dimensionally. 

[0074] 

<3>: The high speed unique to the alpha blending method can, furthermore, be preserved. 

Brief explanation of the figures 

Figure 1 : A principle diagram of the present invention. 

Figure 2: A constitutional diagram pertaining to an application example of the present 
invention. 

Figure 3: A three-dimensional processing flow chart pertaining to [said] application example 
of the present invention. 

Figure 4: Another three-dimensional processing flow chart pertaining to [said] application 
example of the present invention. 

Figure 5: A demonstrational diagram pertaining to [said] application example of the present 
invention. 

Figure 6: A demonstrational diagram pertaining to a case where an inserted member exists 
behind an intransparent object in [said] application example of the present invention. 

Figure 7: A demonstrational diagram pertaining to a case where an inserted member exists 
between a transparent object and an intransparent object in [said] application example of the present 
invention. 

Figure 8: A demonstrational diagram pertaining to the Z buffer method. 
Figure 9: A demonstrational diagram pertaining to the prior art. 

Figure 10: A demonstrational diagram pertaining to the alpha blending method of the prior 

art. 

Figure 11: Another demonstrational diagram pertaining to the alpha blending method of the 
prior art. 



Figure 12: A demonstrational diagram provided for explaining the problems of the prior art. 
Figure 13: Another demonstrational diagram provided for explaining the problems of the 
prior art. 

Figure 14: Still another demonstrational diagram provided for explaining the problems of 
the prior art. 



(Explanation of notations) 

(1): Processing unit (processor); (3): Intransparent Z buffer; (4): Intransparent pixel value 
buffer; (7): Z buffer; (8): Pixel value buffer; (9): a buffer. 



Figure 2 
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[(0): Constitutional diagram of an application example; (2): Buffer; (3): Intransparent Z buffer; (4): 
Intransparent pixel value buffer; (7): Z buffer; (8): Pixel value buffer; (9): a buffer] 



Figure 9 
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[(0): Demonstrational diagram of the prior art; (1): Pixel value, Z value, and degree of transparency; 
(2): Preparation of a list for each pixel; (3): Sorting by Z value; (4): Ascertainment of pixel value by 
taking the transparency into consideration] 
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Figures 1 
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[(0): Principle diagram of the present invention; (1): Processing unit; (3): Intransparent Z buffer; (4): 
Intransparent pixel value buffer; (7): Z buffer; (8): Pixel value buffer; (9): a buffer; (i): Comparison 
of th e Z value of the object scheduled to be displayed and the Z value of of the intransparent Z 
buffer; (ii): Restoration of the pixel value from the pixel value buffer, intransparent pixel value 
buffer, and a buffer; (iii): Calculation of the new pixel value from the pixel value of the object 
scheduled to be displayed, [a value of] the a buffer, and the restored pixel value; (vi): No 
calculation of the pixel value; (v): Far; (vi): Close] 




Figure 3 
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[(0): Three-dimensional image processing flow chart; (1): Encoding of X, Y, Z ? a, and Dl from 
buffer 2; (2): Encoding of the contents of the positions corresponding respectively to X and Y of 
intransparent Z buffer 3 and defining them as Z[u]; (3): Is Z farther than Zu from perspective?; (4): 
Encoding of the contents of the positions corresponding respectively to X and Y of Z buffer 7 and 
defining them as Z ! ; (5): Encoding of the contents of the positions corresponding respectively to X 
and Y of a buffer 9 and defining them as a'; (6): Encoding of the contents of the positions 
corresponding respectively to X and Y of pixel value buffer 8 and defining them as D'; (7): 
Encoding of the contents of the positions corresponding respectively to X and Y of Z intransparent 
pixel value buffer 4 and defining them as D[u]; (8): Is Z closer to perspective than Z7; (9): To B in 
Figure 4; (10): (D ! - Du x <x*)/(l - a') is defined as Dl; (11): To A in Figure 4; (12): (Transparent); 
(13): (Intransparent); (14): D? x (1 - a') + D x a f is defined as D M ; (15): The contents of the positions 
corresponding respectively to X and Y of pixel value buffer 8 are renewed with D"; (16): The 
contents of the positions corresponding respectively to X and Y of intransparent Z buffer 3 are 
renewed with z; (17): The contents of the positions corresponding respectively to X and Y of 
intransparent pixel value buffer 4 are renewed with D] 
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Figure 4 
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[(0): Three-dimensional image processing flow chart; (1): D? x (1 x a') + D x (1 - a) x a* is defined 
as D M ; (2): a x a' is defined as a"; (3): D" x (1 - a") + Dux a" is defined as D n ; (4): The contents of 
the positions corresponding respectively to X and Y of a buffer 9 are renewed with a"; (5): The 
contents of the positions corresponding respectively to X and Y of pixel value buffer 8 are renewed 
with D"; (6): (Transparent); (7): (Intransparent); (8): The contents of the positions corresponding 
respectively to X and Y of Z buffer 7 are renewed with Z; (9): The contents of the positions 
corresponding respectively to X and Y of a buffer 9 are renewed with a; (10): The contents of the 
positions corresponding respectively to X and Y of intransparent Z buffer 3 are renewed with Z; 
(11): The contents of the positions corresponding respectively to X and Y of intransparent pixel 
value buffer 4 are renewed with D; (12): (D' - Du x ct*)/(l - a*) is defined as Dl ; (13): D x (1 - a) + 
Dl x (1 - a') x a is defined as D"; (14): axa' is defined as a"; (15): D" x (1 - a") + Du x a" is 
defined as D"; (16): The contents of the positions corresponding respectively to X and Y of the Z 
buffer are renewed with Z; (17): The contents of the positions corresponding respectively to X and 
Y of a buffer are renewed with a"; (18): The contents of the positions corresponding respectively to 
X and Y of pixel value buffer are renewed with D"; (19): To C in Figure 3] 
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Figure 5 



[H5] 



[A) m*»& 



7* 



Am 



2' 



"CD) m5 »B-l 



J Jtre ! 



sr 





I — i — i 


< 1 1 

z 




i " 


CO 05 9^)14 










1 . 


I 1 

f 1 1 — 


— 


— > 



i i 


«9J 








-Lh_J 








> 



T' 



1__L 














— 1 — 


— :> 



7 a. 

30 



[(0): Demonstrational diagram of an application example; (A): Case of Figure 4; (B): Case of Figure 
4; (C): Case of A in Figure 5; (D): Case of B-l in Figure 5; (E): Case of B-2 in Figure 5; (1): 
Intransparent object; (2): Transparent or intransparent; (3): Transparent object; (4): Intransparent; 
(5): Transparent] 
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Figure 6 
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[(0): Demonstrational diagram pertaining to a case where an inserted member exists behind an 
intransparent object; (D): (Direction of perspective); (7): Z buffer; (9): a buffer; (8): Pixel value 
buffer; (3): Intransparent Z buffer; (4): Intransparent pixel value buffer] 
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Figure 7 
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[(0): Demonstrational diagram pertaining to a case where an inserted member exists between a 
transparent object and an intransparent object; (D): (Direction of perspective); (7): Z buffer; (9): a 
buffer; (8): Pixel value buffer; (3): Intransparent Z buffer; (4): Intransparent pixel value buffer] 



Figure 8 
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[(0) 
(B): 
(F): 



: Demonstrational diagram pertaining to the Z buffer method; (A): Z value of displayed pattern; 
Pixel value of displayed pattern; (C): Z buffer; (D): Pixel value buffer; (E): Renewed Z buffer; 
Renewed pixel value buffer] 
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[(0): Demonstrational diagram pertaining to the alpha blending method of the prior art; (2): Buffer; 
(7): Z buffer; (9): a buffer; (8): Pixel value buffer; (D): (Direction of perspective)] 



Figure 1 1 
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[(0): Demonstrational diagram pertaining to the alpha blending method of the prior art; (1): X, Y, Z, 

a, and D are encoded from input buffer 2; (2): The contents of the positions corresponding 
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respectively to X and Y of Z buffer 7 are encoded and defined as Z'; (3): The contents of the 
positions corresponding respectively to X and Y of a buffer 9 are encoded and defined as a'; (4): 
The contents of the positions corresponding respectively to X and Y of pixel value buffer 8 are 
encoded and defined as D'; (5): Either member selected from between Z and Z' closer to the 
perspective is defined as Z M ; (6): a value of either member selected from between Z and Z' closer to 
the perspective is defined as ai; (7): a value of either member selected from between Z and Z 
farther from the perspective is defined as a2; (8): D value of either member selected from between 
Z and Z' closer to the perspective is defined as Dl; (9): D value of either member selected from 
between Z and Z' farther from the perspective is defined as D2; (10): al + (al x a2) is defined as a"; 
(ll):Dlx(l - al) + D2xal is defined as D M ; (12): The contents of the positions corresponding 
respectively to X and Y of Z buffer 7 are renewed with Z"; (13): The contents of the positions 
corresponding respectively to X and Y of a buffer 8 [sic: Presumably "9"] are renewed with a";(14): 
The contents of the positions corresponding respectively to X and Y of pixel value buffer 9 [sic: 
Presumably "8"] are renewed with D"] 
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Figure 12 
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[(0): Demonstrational diagram provided for explaining the problems of the prior art; (A): Case 
where an object becomes inserted between objects of Zl and Z2; (B): Case where an object is 
placed behind Z2; (D): (Direction of perspective); (7): Z buffer; (9): a buffer; (8): Pixel value 
buffer] 
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Figure 13 

w 1 3] 



p* 6 



D~lf> 



y 
f 



CL--.0 

0*1 (> 



22 



.tf 



.0 



(.Sisfcirfa) /ft?* f»w 

79a 



/12 



t 















a*. ^ 




















] 


1 

! 


DW6 



l5 



z2 



T 9 8 



42 



[(0): Demonstrational diagram provided for explaining the problems of the prior art; (A): Blending 
routine results of Figures 12 (A) and (B); (B): Original state of Figure 12 (A); (D): (Direction of 
perspective); (I): Invisible; (7): Z buffer; (9): a buffer; (8): Pixel value buffer] 
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Figure 14 
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[(0): Demonstrational diagram provided for explaining the problems of the prior art; (A): Original 
state of Figure 12 (B); (B): Blending results of Figure 13 (A); (C): Blending results of Figure 13 
(B); (D): (Direction of perspective); (I): Invisible; (7): Z buffer; (9): a buffer; (8): Pixel value buffer] 
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